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ABSTRAECT

We have explored the consequences of weak neutral currents in the
photoproduction of lepton pairs at high energies. Specifically, we have
calculated the effects of the parity nonconserving interference between the
weak amplitude and the purely elec’crorﬁagnetic Bethe-Heitler amplitude,
This interference contributes to an asymmetry between the lepton pairs and,
in addition, the leptons acquire a longitudinal polarization. Numerical results
are presented for the Weinberg-Salam model and are typically a few percent

in magnitude.
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We have calculated the effects of weak neutral currents in the photoproductior

of lepton pairs at high energies:
+ -
y(@) +N(P) > 2 (p,)+ 1L (p )+ X . (1)

While weak neutral currents have been observed in high energy neutrino
scattering, 1 so far their couplings to charged leptons have not been established,
In particular, the search for parity nonconserving effects in atomic Bi has
not detected any signaxlz at the level expected in the Weinberg-Salam model3
which has been rather successful in explaining the neutrino scattering data., 1

The photoproduction of lepton pairs, which we consider here, has the
advantage that it is sensitive to parity nonconserving couplings of the neutral
current to both the charged leptouns and to the hadrons, while the atomic Bi
experiment primarily measures only the axial vector neutral current coupling
to electrons. The calculations reported here are most closely related to
previous studies of the deep inelastic scattering of polarized leptons :4’ >
y TIN - zi + X. In both processes the neutral current effects become
significant at high energies such as are available at Fermilab and the CERN
SPS.

Four Feynman diagrams have been calculated: two giving the purely
electromagnetic amplitude in which a photon is exchanged between the target
and the lepton pair, and two giving the weak amplitude in which a neutral

vector boson is exchanged between the target and the lepton pair. A

representative diagram is shown in Fig. 4. We have computed the square
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of the purely electromagnetic amplitude and its interference with the weak
amplitude neglecting the lepton mass. We have verified our results for the
purely electromagnetic part by comparing with the work of Drell and Walecka., 6
The rather lengthy derivation of the formulas will be given in detail elsewhere
where we treat the completely general case of arbitrary vector and axial
vector couplings of the weak neutral current to charged leptons and hadrons.

In the calculation presented here we have chosen the particular neutral
current couplings given by the Weinberg-Salam model and further have made
the approximation that [kz [ < MZ2 where k = P - Pf (see Fig. 1) and M,

is the mass of the neutral weak intermediate boson. Further we have assumed

the Callan-Gross relations

vW, = 2MxW, (2)

vR 2MxR (3)

2 1

where v = -P-k/M, M is the target mass and x = -k2/ 2Mv is the usual scaling
variable. W 1 and W2 are the conventional structure functions appearing in
the matrix element of the product of two hadronic electromagnetic currents.
R:l and R_ are the analogous structure functions in the matrix element of

2

the symmetric product of the hadronic weak current and the hadronic neutral

current,

Two neutral current effects have been calculated: the asymmetry A

-+ -
between the leptons, £ and £ , and their longitudinal polarizations
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<N > = -<\_>. Under the above assumptions we find that the asymmetry

is given by

do'(p_'_’ p_! -.-)-do-(p_: p+3 o-o)
" T, b, ... ) T A0B_, Py ---)

'\l—z'ez W, D

+
and that the polarization of £ is

1l
t
e

.
N

d‘cr('x+ =4, ...) -dolx

A,> = ~ —
+ do(>\+»1, ...)+dGC)~+— 1, )
G R
- - P ru-asmioa (5)
NZe V2 _
The kinematical factors N and D are the following:
N=q-A(P-klZ—P°qk2L+1-kP-Ak2 {6)
2 2 MZ
D =P-Ag:A-P.ql-qgq+32L (P-k+k P.k)
2
k 2 2
TS TR [(P- q) +(P A)]

2
M Pk 2 2
+ [—15——1'{‘ +2 kz ] [(Cl - p,) Tla p_)] (7)
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where £ = P, tp_and A =p_ - P,- The structure function R3 is the one
arising from the interference between the electromagnetic current and
the weak neutral axial vector current,

For the structure functions we have assumed the quark-parton model
and in our numerical calculations we have used the quark distribution functions
given by Barger and Phillips. 8 For the remaining parameter, the Weinberg
angle, we have taken1 sinz GW = 0. 3.

In Figs. 2 and 3 we present numerical results for the polarization
<\ e and asymmetry A for the two different kinematical configurations i
indicated in the figure captions., The angles 6 , are the polar angles between
J) * and the photon beam direction while ¢ is the aximuthal angle between £ "
and £ . Of course, Ey’ E+ and E_ are the laboratory energies of the incident vy,
2 " and / -, respectively.

From Figs. 2 and 3 it is apparent that the effects are of the order of
a few percent in all cases. At least for B, X EY both <2 and A vary
approximately linearly with E + and E_ and are roughly proportional to Ey.

Obviously, the observation of <\ +> is of much greater importance than
A since<\ iy is a clear signal for parity nonconservation. There are higher
order purely electromagnetic contributions to A but there are none to N>
From the point of view of the feasibility of the experiment it is encouraging

that polarizations of a few percent persist even at relatively low energies E+.

+
Thus it may be possible, for example, to stop a slow p and detect its
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longitudinal polarization through the backward-forward asymmetry of the e+

in the decay p+ - e+ + Ve + VH.
Finally, we emphasize the importance of searching for neutral current

effects in the photoproduction of lepton pairs. TUnlike the atomic Bi experiments,

the signals in this process survive even though the neutral current couplings

of the charged leptons may be parity conserving. At high energies one expects

to observe parity nonconservation arising from the hadronic vertex; i.e.,

terms proportional to R, in <\ +>.

3

We are indebted to the late Professor B. W. Lee for his kind hospitality

at the Fermi National Accelerator Laboratory where much of this work was

done,
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FIGURE CAPTIONS
Typical Feynman diagram for the electromagnetic and weak
amplitudes for the photoproduction of lepton pairs.
For 6 = 309, 6_ = 5°, ¢ =180° and Ey = 4150 GeV the asymmetry
A and the polarization <\,.> [Eqs. (4) and (5)] in % as a function of
E_. The continuous and broken lines correspond to E,=2.5

GeV and ‘5 GeV, respectively.

For 6 = 30°, 6 =3° ¢ =180° and EY = 200 GeV the asymmetry
A and the polarization <\,> [Eqs. (4) and (5):' in % as a function
of E_. The continuous and broken lines correspond to E+ =2.5 Gel

and 5 GeV,” respectively.
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